lieving properties [10] [11] [12] [13] . In contrast, nonvolatile constituents of the species have not been studied so far. In a continued effort to discover new bioactive secondary metabolites from endemic Iranian plants [14] [15] [16] , we here report on the isolation, structure elucidation, and in vitro antitrypanosomal activity of 7 new germacranolide sesquiterpene lactones from the aerial parts and flowers of T. sonbolii.
Results and Discussion
Sesquiterpene lactones 1, 3, and 5 were isolated from the flowers and 2, 4, 6, and 7 from the aerial parts of T. sonbolii (▶ Fig. 1 ). The structure elucidation was achieved using extensive NMR spectroscopy and HRESI-TOFMS, and the absolute configuration was es-tablished by a comparison of experimental and calculated electronic circular dichroism (ECD) spectra.
Compound 1 was obtained as a white amorphous powder. The HRESIMS of 1 showed a molecular ion at m/z 283.1543 [M + H] + (calcd. 283.1540), indicating a molecular formula of C 15 H 22 O 5 and 5 indices of hydrogen deficiency. The 13 C NMR spectrum (▶ Table 1 ) showed 15 carbon resonances, which were assigned with the aid of HSQC and DEPTQ spectra as 1 methyls, 5 methylenes, 4 methines, and 4 quaternary carbons. The 1 H NMR spectrum (▶ Table 2 ) displayed the characteristic signals of 2 aliphatic methyl groups at δ H 0.94 and 1.43, 3 oxygenated methine protons at δ H 3.48, 4.11, and 5.78, and 1 oxygenated methylene proton at δ H 4.33. The NMR data of 1 were similar to those of germacranolide sesquiterpene lactones that had been reported previously ▶ to C-7, C-11, C-6 (δ C 82.0), C-9 (δ C 35.6), and C-10 (δ C 60.7), and from H-6 (δ H 5.78) to C-5 (δ C 37.2), C-7, and C-11 confirmed the presence of an αmethyl-γ-butyrolactone moiety with a hydroxyl group at C-12. Thus, the double bond was located in the lactone ring instead of the exocyclic methylene group that is usually seen in germacranolides. HMBC correlations from H 3 -14 (δ H 1.43) to C-1, C-9, and C-10 confirmed the attachment of the methyl at C-10 next to an epoxy moiety. HMBC correlations from H-3 (δ H 4.11) to C-1 and C-4 (δ C 37.1) corroborated the hydroxyl group at C-3 (δ C 74.1). The HMBC correlations from H-1 (δ H 3.48) to C-2 (δ C 27.4) and C-3 (δ C 74.1) and from H 3 -15 (δ H 0.94) to C-4 and C-3 corroborated the planar structure of 1 (▶ Fig. 2 ). Analysis of the NOESY spectrum established the relative configuration of 1. Cross-peaks between H-6 (δ H 5.78) and H-1 (δ H 3.48) and between H-1, H 3 -14, and H α -2 (δ H 2.29) indicated that they were all located on the same face of the molecule. The crosspeak between H β -2 (δ H 1.60) and H-3 confirmed the α orientation of the hydroxyl group at C-3, and the NOESY correlation between H β − 5 (δ H 1.90) and H-4 (δ H 2.37) confirmed the α orientation of the methyl group at C-4. The configuration of stereogenic centers of 1 was established by ECD spectroscopy as 3R,4S,6S given that the experimental ECD spectrum of 1 was in good agreement with the spectrum calculated for the 3R,4S,6S stereoisomer (▶ Fig. 3 ).
Compound 2 had a molecular formula of C 16 Table 2 ) were similar to those of 1. The ▶ major differences were in the presence of an additional aldehyde proton (δ H 8.0) attached to the carbonyl carbon at δ C 161.0. Also, the carbinolic methine proton at C-3 exhibited a paramagnetic shift from 4.11 ppm in 1 to 5.06 ppm in 2 and showed an HMBC correlation to the formyl group. Thus, compound 2 was the formyl ester of 1. The experimental ECD spectrum of 2 was similar to that of 1, and the configuration of stereogenic centers was thus established as 3R,4S,6S. The HRESIMS spectrum of compound 3 showed a molecular ion at m/z 267.1588 [M + H] + (calcd. 267.1591), corresponding to a formula of C 15 H 22 O 4 . 1D and 2D NMR spectra suggested a germacranolide scaffold. Compared to 1, the structural differences of 3 were in the presence of 2 additional olefinic carbons at δ C 125.7 and 134.3 instead of 2 oxygenated carbons in 1. HMBC correlations from H 3 -14 (δ H 1.64) to C-9 (δ C 36.5), C-10 (δ C 134.3) and C-1 (δ C 126.1) confirmed the location of this double bond between C-1 and C-10. The relative configuration of 3 was established by NOESY data. A cross-peak between H-3 (δ H 3.77) and H-4 (δ H 2.12) indicated that they were cofacial with syn orientation. The experimental ECD spectrum of 3 showed 2 positive cotton effects (CE) at 255 and 205 nm along with a negative CE at 225 nm which were due to π-π* transition of the lactone moiety. The ECD spectra for all possible stereoisomers of 3 were calculated, and the spectrum of the 3R,4S,6S stereoisomer showed excellent match with the experimental spectrum (▶ Fig. 3) . Thus, the absolute configuration of 3 was established as 3R,4S,6S.
Compound 4 had a molecular formula of C 16 The NMR data were reminiscent of a germacranolide skeleton bearing a double bond between C-1 and C-10. Compared to 3, diagnostic differences were in the presence of an additional carbonyl (δc 210.0) and in the absence of a methylene group. In the HMBC spectrum, a correlation of one of the diastereotopic methylene protons (δ H 1.12) at C-9 to this carbonyl group observed. Hence, the carbonyl group was at C-8. The relative configuration was established with the aid of the NOESY spectrum. The ECD spectrum (▶ Fig. 3 ) closely resembled that of 3, and the absolute configuration of compound 6 was established as 3R,4S,6S.
Compound 7 had the same molecular formula as 3 Fig. 2) . Thus, the double bond was located between C-9 and C-10. The relative configuration of 7 was determined from NOESY correlations and was in accordance with that of 3, and the ECD spectrum also matched with that of 3 (▶ Fig. 3) . Thus, the absolute configuration was established as 3R,4S,6S.
The in vitro antiprotozoal activity and cytotoxicity of compounds 1-7 was evaluated against Trypanosoma brucei rhodesiense and rat myoblast (L6) cells, respectively, and the selectivity indices (SI) for tested compounds were calculated (▶ Table 3 ). Compounds 4 and 5 showed the most potent inhibitory activity ▶ Fig. 3 a Experimental ECD spectra of compounds 1−7 in MeOH. b Comparison of experimental and TDDFT calculated ECD spectra of compound 3.
against T. b. rhodesiense with IC 50 values 5.1 µM (SI 3.9) and 10.2 µM (SI 4.0), respectively. Epoxides 1 and 2 exhibited only marginal activity, while 3, 6, and 7 were inactive at the highest test concentration. From the limited number of compounds tested here, only preliminary observations on structural requirements for activity are possible. When comparing active compound 4 with marginally active epoxide 2, it seems that the conformation of the 10-membered ring affects the degree of activity. A formyl or acetyl moiety as in 4 and 5 appears to enhance activity when compared to parent compound 3. Numerous sesquiterpene lactones with different scaffolds reportedly show in vitro activity against T. b. rhodesiense [18] [19] [20] [21] . However, these compounds all bear an α,β-unsaturated carbonyl group that may react with biological nucleophiles such as thiol groups of cysteine residues in proteins [18] . In contrast, the α,β-unsaturated carbonyl group in active compounds 4 and 5 cannot act as a Michael acceptor. Additional, structurally related germacranolides need to be tested to unravel the features that are relevant for activity.
NMR spectra (1D and 2D) of compounds 1-7 as well as the dose-response curves leading to the IC 50 determination of compounds 1, 2, 4, and 5 are available as Supporting Information.
Materials and Methods

General experimental procedures
The JASCO P-2000 digital polarimeter was used for measuring optical rotation. UV spectra were recorded using a Shimadzu UV-2501PC spectrophotometer. ECD spectra were recorded in MeOH on a Chirascan (Applied Photophysics) spectrometer with 1-mm path precision cells (110 QS, Hellma Analytics), and data were analyzed with Pro-Data V2.4 software. NMR spectra were recorded at a target temperature of 18°C on a Bruker Avance III 500-MHz spectrometer operating at 500.13 MHz for 1 H and 125.77 MHz for 13 C. A 1-mm TXI-microprobe with z-gradient was used for 1 Hdetected experiments. 13 C NMR spectra were recorded with a 5mm BBO probe head with z-gradient. Spectra were analyzed using Bruker TopSpin 3.5 software. Deuterated solvents for NMR (100 % D) were purchased from Armar Chemicals. HRESIMS data were recorded in positive ion mode on an Agilent 1290 Infinity system with an Agilent 6540 UHD Accurate-Mass Quadrupole Time-of-Flight detector (G6540A). HPLC separations were performed on a Knauer HPLC system consisting of a mixing pump with degasser module, photodiode array (PDA) detector, and an autosampler. Knauer Eurospher П 100-5 RP C18 (5 µm, 4.6 × 250 mm i. d.) and SunFire Prep C18 ODB (5 µm, 19 × 50 mm i. d.) columns were used for analytical and semipreparative separations, respectively. Solvents used for extraction and column chromatography were of technical grade and were distilled before use. HPLC-grade solvents (Merck) were used for HPLC. Silica gel (70-230 mesh) for column chromatography, precoated silica gel F 254 (20 × 20 cm) plates, anisaldehyde, glacial acetic acid, and sulfuric acid were all from (Merck). 
Plant material
Extraction and preparative isolation
Air-dried flowers of T. sonbolii (190 g) were powdered and macerated with acetone (5 × 2 L). The combined extracts were concentrated to dryness, and the residue (7 g) was subjected to silica gel column chromatography (70-230 mesh, 45.0 × 300 mm, 230 g) using a step gradient of n-hexane-EtOAc (100 : 0 → 0 : 100), followed by EtOAc/MeOH (100 : 0 → 50 : 50). A total of 55 fractions of 250 mL each were collected and pooled after TLC analysis (detection at 254 nm and after spraying with anisaldehyde-sulfuric acid reagent) to 12 The air-dried aerial parts of T. sonbolii (1.6 kg) were milled and macerated with ethyl acetate (5 × 7 L). The extract was concentrated in vacuo to afford 60 g of a dark gummy residue. The residue was separated on a silica gel column (70-230 mesh, 60.0 × 1180 mm, 850 g) with a step gradient of n-hexane-EtOAc (100 : 0 → 0 : 100) as eluent, followed by EtOAc containing increasing concentrations of MeOH (up to 100 %). A total of 21 fractions were collected on the basis of TLC analysis. Fraction 12 (1.8 g; eluted with n-hexane-EtOAc [30 : 70]) was separated on a silica gel column (70-230 mesh, 25 × 450 mm, 150 g) eluted with CH 2 Cl 2 /(CH 3 ) 2 CO (70 : 30). Fractions were pooled on the basis of TLC patterns to give 5 subfractions (F12 1 -F12 5 ). Subfraction F12 3 (60 mg) was separated on a silica gel column (70-230 mesh, 20 × 600 mm, 90 g) using CH 2 Cl 2 /(CH 3 ) 2 CO (80 : 20) as mobile phase, and 5 subfractions (F12 3.1 -F12 3.5 ) were obtained. The precipitate of subfraction F12 3.3 was recrystallized from (CH 3 ) 2 CO to afford compound 4 (1.2 mg). F12 4 was separated by preparative ▶ Table 3 In vitro activity of compounds 1-7 against T. b. rhodesiense (STIB 900) and cytotoxicity in L6 cells. 
Supporting information
NMR spectra (1D and 2D) of compounds 1-7 as well as the doseresponse curves leading to the IC 50 determination of compounds 1, 2, 4, and 5 are available as Supporting Information.
